Objective The aim of this systematic review was to synthesize current knowledge of the factors influencing healthcare professional adoption of mobile health (m-health) applications.
or patient management) or target communication between healthcare services and consumers (such as appointment reminders and test result notification) 4 and thus changing the traditional modes of information sharing and dissemination. 5 In 2012, there were approximately 40,000 mobile device applications (apps) related to health. 6 m-Health is thus central to the concept of pervasive healthcare where information and resources services can reach anyone, anytime, and anywhere, by removing geographical, time, and other barriers. 7 While there is limited scientific evidence supporting the effectiveness of m-health, 4, 8 governments and organizations in many jurisdictions have embraced it as the backbone of the informed and empowered patient or "patient 2.0". 9,10 m-Health also constitutes an affordable option to increase health promotion, disease prevention, provision of care and monitoring in low-income countries, where pilot projects are rampant.
11
As with other information and communication technologies (ICT) that have entered the healthcare sphere in the past, such as telemedicine or electronic health records, the success of mhealth as a tool to support the delivery of healthcare is tributary to its adoption by healthcare providers. 12 While the factors influencing healthcare providers for adopting a new technology such as m-health could be similar to those involved with other ICT applications, there are specific features about m-health that should be considered. First, unlike previous ICT applications in healthcare, m-health is mainly consumer-centered and consumer-driven. 13 Second, m-health interventions can be seen as a patchwork of small-scale pilot projects 11 and most of these interventions work as black boxes with little use of theoretical foundations. 14 Although mobile communication is now part of the everyday life of most human beings, the use of m-health applications to provide health information and care is particularly challenging and calls for specific strategies. The aim of this paper is to synthesize the scientific literature on the factors that could facilitate or limit healthcare provider utilization of m-health in their work.
METHODS

Search strategy
We adhered to the to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) checklist. 15 Covering a period from January, 1 st 2000 to October 31 st , 2014, we conducted a systematic literature search on four electronic databases (PUBMED, EMBASE, CINHAL, PsychInfo). We also searched the references of included publications to identify additional relevant literature. The search strategy included three categories of keywords: mhealth, healthcare professionals and adoption. These keywords should appear in conjunction in the title or abstract of the article. To refer to m-health, articles either had to include the term "mhealth" (and its alternative formulations), or include both the term "health" and one of the following search terms or their variants: handheld computer, mobile phone, smartphone, mobile application, mobile app, cellular phone, mobile device, mobile technology, SMS, or text message. To refer to healthcare professionals, we used the following search terms or their variants: professional, physician, practitioner, provider, resident, clinician, nurse, midwife, health worker, specialist, dentist, pharmacist, dietician, physiotherapist, cardiologist, surgeon, gynaecologist, ophthalmologist, psychiatrist, and optician. Finally, we searched the following themes related to adoption: acceptance, acceptability, utilization or attitude.
Duplicate citations across databases were identified and excluded using Endnote and a manual revision was done for verification. If a study was reported in more than one publication and presented the same data, we only included the most recent publication. However, if new data were presented in multiple publications describing the same study, all were included.
Inclusion and exclusion criteria
We included studies with an abstract in English, French or Spanish. The studies had to be based on an empirical design, including qualitative, quantitative or mixed-methods. The articles should clearly state data collection process as well as research methods and measurement tools used.
We excluded publications presenting editorials, comments, position papers, and unstructured observations from this review. We included conference proceedings as long as they presented all relevant data. Studies had to provide data on barriers and facilitators to m-health adoption by healthcare professionals in their results or discussion sections to be included. These barriers or facilitators could be related to one or several healthcare professional groups who were using mhealth. We excluded studies that focused only on m-health adoption by healthcare students and studies in which there was no clear distinction between healthcare professionals and other groups (e.g. patients, technology providers) regarding m-health adoption factors.
Screening and data extraction
One reviewer (PN) initially screened all titles and abstracts of references identified through the search strategy and another reviewer (MPG) reviewed the titles and abstracts retained. Then, PN and MPG independently reviewed the full text of preselected articles and agreed on their final selection.
Two dyads (PN and MPG, MD and JPG) independently performed data extraction using a validated data extraction grid, developed through previous research related to the classification of barriers and facilitators to information and communication technology adoption by healthcare professionals. 12 This generic data extraction grid has been adapted and validated to classify reported barriers and facilitators to the adoption of electronic health records and electronic prescription. 16, 17 The grid was developed using both inductive and deductive methods, and combines several relevant concepts from established theoretical frameworks, notably the 
Data synthesis and analysis
The reviewers identified sections of the publications that presented a relevant barrier or facilitator to adoption of m-health from the healthcare professionals' perspective and coded them according to the categories proposed in the grid. Then, we grouped the extracted data into four main categories of adoption factors and each category was decomposed into specific factors. We also extracted data regarding: year of publication, country, and study design (quantitative, qualitative, or mixed-methods), theoretical framework (present or absent), type of participants, care setting, technology used, objectives of the study, data collection methods, and main findings. Quality of studies was not considered in these analyses.
RESULTS
Included studies
In total, we identified 4,223 references from the databases, of which we kept 48 publications for a full-text review. We excluded 15 publications because they did not meet the inclusion criteria:
two were about m-health use by students; 20,21 three did not clearly differentiate healthcare professionals' opinions from those of other groups involved in the study; 2,22,23 two presented opinions from professionals who were not using m-health; 24,25 six were not about adoption factors; 26-31 and two did not describe the methodology used. 5, 32 Thus, 33 publications were selected in the final review. 1, 7, The study selection flow diagram is presented in Figure 1 .
[Insert Figure 1 about here]
Characteristics of included studies
The The studies about m-health adoption were conducted in various countries. More than half of the studies took place in the Americas (n=18, 54.5%). Among these, ten were conducted in Canada, 7, 43, 44, [53] [54] [55] [56] [57] [58] [59] 
Overview of m-health adoption factors
In total, 179 elements were identified as barriers to or facilitators for m-health adoption and were classified in the different categories of factors from the extraction grid. 98 (54.7%) of these elements were classified as facilitators for m-health adoption and 81 (45.3%), as barriers.
The complete list of factors can be found in Table 1 . We also present an analysis of the factors from studies conducted in developing countries at the end of the section. Other factors related to m-health characteristics were interoperability (integration with other 35 and miscommunication while using m-health.
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External factors: organizational environment
The last category includes external factors found in the organizational environment and accounts for 21.2% (n=38) of the elements extracted in this review. Barriers and facilitators were spread equally, totalizing 20 and 18 factors, respectively. In this category, the most common factor was relations among colleagues. 44, 55, 57 One of the perceived barriers was that m-health technologies, by allowing a more direct relay of the information among colleagues, also increased the potential to be disturbed in their workflow. Management support was also seen as an important facilitator in this category (n=4 
Factors related to developing countries
We also analyzed extracted data related to the six studies that took place in developing countries (Botswana, 35 Ethiopia, 33 Guatemala, 42 India, 60 South Africa 34 and Uganda 36 ). In total, 25 factors were identified in these studies (20 facilitators and 5 barriers). The most recurrent factor identified for the six studies was perceived usefulness with five elements (all facilitators), 33, 34, 36, 42, 60 which is comparable to the results from studies in developed countries.
However, these studies identified five factors that were not mentioned in other studies:
professional security, 36 support and promotion of m-health by colleagues, 35 In contrast to a recent review suggesting that m-health could constitute an affordable option for health promotion, 49 our findings show that healthcare professionals think cost issues could limit their adoption of m-health. 43, [48] [49] [50] 53 In fact, all elements identified that were related to costs were exclusively seen as barriers. More particularly, long-term costs of the technology as well as costs of the device and applications were mentioned in the studies.
The role of m-health to support patient empowerment has been mentioned in the literature. 38, 48 This benefit was also perceived in the reviewed studies. In fact, healthcare professionals believed that patients gained better knowledge of themselves 52 and that their relationship with them was improved with the use of m-health. 38 [41] [42] [43] 54, 59, 63 were also identified in this review.
We also assessed the results regarding studies conducted in developing countries. [33] [34] [35] [36] 42, 60 While usefulness was also identified as the main factor that may facilitate use of m-health by health care providers, these studies were the only ones highlighting factors related to the interrelation between colleagues (promotion of m-health and collaboration effort), [34] [35] [36] job security, 36 additional tasks that may arise while using m-health 36 and the need of accessibility to phones and electricity in order to use m-health.
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Limitations
While providing an exhaustive synthesis of the current knowledge on healthcare professional mhealth adoption factors, this review has some limitations. First, we used a generic grid of adoption factors as the conceptual framework for classifying elements identified as barriers and facilitators to m-health adoption from the studies included in this review. As such, we relabelled some of the original factors in order for them to fit within our conceptual framework. We acknowledge that the use of other theoretical frameworks or models could have uncovered other dimensions of the adoption of m-health. However, we think that the framework used is comprehensive and well suited to present adoption factors of m-health perceived by health professionals as it is based on extensive theoretical and empirical research.
Second, this review only considered data that were presented in published studies, and no additional contacts were made with the authors to receive additional information or to validate our classification. Thus, it is likely that other m-health adoption factors could have been passed over.
Third, we conducted a mixed-method systematic review and we combined data from qualitative and quantitative studies indistinctively in our synthesis. The use of other synthesis approaches, such as meta-narrative synthesis or realist review, could have brought a deeper analysis of mhealth adoption in healthcare. Future reviews using these approaches could be guided by the RAMESES reporting standards. 64 Finally, we only conducted literature searches in four bibliographic databases, but we carefully checked references of included studies as well as articles citing those studies in order to identify other potentially relevant publications. Grey literature searches could have enabled the identification of other relevant studies.
CONCLUSION
The entire issue of m-health is attracting a great deal of attention worldwide because it presents a unique way to provide information and resources to healthcare professionals and patients alike, and may be a promising tool to support healthcare. The findings from this systematic review provide a common ground, making it possible to better understand the challenges and opportunities related to m-health utilization by healthcare providers. While some of the barriers and facilitators to m-health adoption are similar to those identified in systematic reviews about other ICT applications, this review has enabled us to identify factors that are specific to mhealth.
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The authors have no competing interests to declare. The impact on the work routines of the users was rather limited, despite the generally positive attitude towards the system. The actual usage patterns and the settings in which the system is used vary, and along with these the perceived impacts of the system on the work habits and the routine of the users. To examine health workers' opinions about the acceptability of using cell phone technology and SMS texting to report cases of cervical cancer.
CONTRIBUTORSHIP STATEMENT
Access to cell phones and electricity for charging phones, as well as familiarity with texting was nearly universal in this group of rural Guatemalan health workers. The vast majority of respondents felt that cell phone technology would be acceptable for sending patient data to a confidential cervical cancer registry. Concerns of the minority of respondents about using cell phones for this purpose should not be ignored. Patient confidentiality is of paramount importance and must be protected as we work to increase cervical cancer data collection. To assess the attitudes of heart failure patients and their health care providers from a heart function clinic in a large urban teaching hospital toward the use of mobile phonebased remote monitoring.
Patients and clinicians want to use mobile phone-based remote monitoring and believe that they would be able to use the technology. However, they have several reservations, such as potential increased clinical workload, medicolegal issues, and difficulty of use for some patients due to lack of visual acuity or manual dexterity. To provide in-depth insight into the effects of telemonitoring on selfcare and clinical management, and to determine the features that enable successful heart failure telemonitoring.
Mobile phone-based telemonitoring enabled patients to positively change their lifestyle behaviors and to improve their quality of life, including reducing anxiety. The telemonitoring system also improved clinical management, by providing real-time physiological information and alerts. The in-depth qualitative analysis revealed several system characteristics that contributed to improved heart failure management, such as (1) having immediate self-care and clinical feedback, (2) being easy and quick to use, and (3) providing tangible benefits to the end-users (ie, the patients). 
